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Abstract
A series of experimental tests, such as those of Carpinteri et al. (2013), have
been performed. The aim was to check the emission of neutrons in the fracture
of Luserna granite blocks under mechanical loading, as reported by the above
mentioned authors. No neutrons have been detected and some doubts have
emerged on the soundness of the previous measurements.
Keywords: Neutron emissions, Neutron detection, Piezonuclear reactions,
Rocks crushing failure
1. Introduction
A paper on ”Piezonuclear Fission Reactions” was published in the year 2013
[1]. In this work the authors stated that neutrons are emitted from brittle rock
specimen under mechanical loading while crashing. The obtained experimental
data were thoroughly described and discussed along with some conclusions also
involving geochemistry among other topics. That work was the last one of a
long series of papers, both experimental and theoretical, on piezonuclear fission
reactions, published by the same authors or in collaboration with other groups
investigating this subject (see [1, 2] and references therein), and can be consid-
ered as a summary of all the previous work done. In this context it should also
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be underlined that several doubts have been reported in literature on the per-
formed neutron analysis and interpretation of the results [3, 4]. More recently
several of the papers published on this matter by Carpinteri et al. have been
withdrawn [5], but the one we are dealing with here was not.
Since the topic could potentially be of no-minor scientific relevance, we de-
cided to repeat the mechanical loading experiments, striving to use as much as
possible the same technique, kind of sample and neutron detector employed in
[1].
Our experimental set-up is sketched in Fig. 1. The cubic specimens were
Luserna granite, the same material used by Carpinteri et al. in their tests,
having dimensions either 10 × 10 × 10 cm3 or 10 × 10 × 8 cm3. No differences
were observed between them, except the collapsing load. The neutron detector
used in the compression tests is a 3He type 65-NH-45 manufactured by Xeram,
(France) with its standard electronics [6, 7]. The detector (25 mm diameter,
450 mm long) is exactly of the same model of that used in [1]. Its thermal
neutron sensitivity is 65 cps for a thermal neutron flux of 1 neutron s−1 cm−2.
During the tests the detector was powered at 1.4 kV by means of a high voltage
CAEN N126 power supply. The electronics performs an integral-differentiation
of the 3He signal (1 µs integration, 4 µs differentiation) followed by a discrimina-
tion which supplies output TTL pulses (10 µs width). The time width of these
pulses was stretched to 1 ms by means of a Gate Generator (CAEN 2255B),
the output of which was directly connected to the input of a PC sound card
board used as data-acquisition card allowing the sampling of the input pulses at
10 kSa/s and giving the time of occurrence of each 3He count with a precision of
0.1 ms. The sensitivity of the 3He detector was checked before the measurements
against a known neutron flux [8]. The press employed is a servo-hydraulic “200
Mp Compression Testing Machine model 200 D 76”, manufactured by Amsler
(Switzerland) [9]. The maximum value of the applied loading force is 2000 kN.
The adopted instrumentation was integrated with two video cameras and an
audio recorder. The acquisition of 3He pulses, mechanical load, video and audio
signals was synchronized at the beginning of each run.
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The minimal possible distance between the center of the rock sample and
the detector was 26 cm. In comparison with [1], there is a reduction of a factor
six in the collected solid angle, nevertheless, according to the data in Table 2 of
the same reference, more than one neutron should still be detected in the crash.
2. Results
In all we carried out six runs, each one consisting of a handful of tests.
In one of the earliest test, the 3He detector was accidentally hit by a me-
chanical component of the hydraulic press. The acquired signal, shown in Fig.
2, presented a complex waveform in which many TTL signals were surfing over
a strongly perturbed baseline. The corresponding 3He counts are shown as
black dots in Fig. 3, together with the loading force exerted by the press on
the specimen (red line). The vertical blue dashed line in the plots indicates
the crashing time. At first glance these signals should have been associated to
neutrons detection but, because of the mentioned shock accident and the high
number of associated pulses, it was impossible to rule out a mechanical effect
on electronics. Furthermore, even an acoustic effect was eligible, as supposed
in [3].
This last hypothesis found a proof when we intentionally fired a blank gun
near the 3He detector: TTL signals were recorded, exactly as in the case of
neutron occurrence, as shown in Fig. 4. Following this finding, we started a
systematic investigation of this artifact in the detection unit. To this purpose, we
repeated the test with the blank gun mentioned above by installing an increasing
amount of acoustical shielding material, until we found no additional pulses
above the background single ones at all.
In this investigation it was a surprise to find out that the preamplifier con-
nected to the 3He tube was very sensitive to the acoustic perturbation, even
more than the tube itself.
Eventually a suitable protection was achieved, i.e. no pulses observed above
the background ones, and test on granite restarted. This protection, as shown
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in Fig. 5, was made of tubular foam covering the 3He tube, its cable and the
preamplifier. Furthermore, the detector was wrapped with a pluriball foil. Of
course we were aware that the gun shot wasn’t necessarily equivalent to that
generated in the collapse of the granite specimen, but we considered a success
to have at least eliminated this kind of perturbation. As matter of facts, after
then we never observed a neutron signal in conjunction with the collapse of
granite blocks, except the single pulse background. A record of a typical test is
reported in Fig. 6.
Once ascertained that with a suitable protection of the detector, at the
time of the collapsing of the Luserna granite, no signal occurred, neither from
detected neutrons nor from acoustical effects, it was decided to repeat tests
without acoustic protection, except for the 3He tube, where the protection was
replaced with a polystyrene shield, as shown in Fig. 7. Apparently this last
configuration had also been adopted in the work of Carpinteri et al. [1].
Not only the system was now sensitive again to the blank gun but also at
the crashing time of a granite block the TTL signals appeared again (Fig. 8)
confirming that even the preamplifier/cable are sensitive to the acoustic noise.
3. Conclusions
Tests have been performed to verify the results reported in the paper of
Carpinteri et al. [1], namely the emission of neutrons in the collapsing of blocks
of Luserna granite under mechanical loading. No neutrons were detected in our
experiments, besides the background ones.
Instead spurious signals were observed at the crashing time, altogether sim-
ilar to the neutrons ones, but they were rejected because their origin had been
demonstrated to be the acoustic noise coming from the sudden collapse of the
granite, affecting the detector-preamplifier assembly.
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Figure 1: Schematics of the experimental set-up used in the compression tests.
Figure 2: Acquired 3He signals showing many TTL pulses surfing over a strongly perturbed
baseline.
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Figure 3: 3He counts (black dots) together with the loading force on the specimen (red line)
in one early test with the unshielded neutron detector. In a) the whole experimental test time
is plotted whereas in b) a zoom around the crashing moment is represented. The vertical blue
dashed line, in the plots, indicates the crashing time.
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Figure 4: TTL signals acquired when a blank gun was fired near the 3He detector.
Figure 5: The mechanical press, the granite block inside its jaws and the detector, suspended
and wrapped in a white protective plastics. The 3He detection system was recalibrated against
thermal neutrons with this protection in place.
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Figure 6: 3He counts (black dots) together with the loading force on the specimen (red line)
for the test with the whole neutron detector protected against acoustic effects. In a) the whole
experimental test time is plotted; in b) a zoom around the crashing time is represented. The
vertical blue dashed line, in the plots, indicates the crashing time.
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Figure 7: The suspended detector, embedded in polystyrene protection and the preamplifier,
now unsheltered.
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Figure 8: 3He counts (black dots) together with the loading force on the specimen (red line)
when only the 3He detector is protected by a polystyrene shield, as by a way in [1]. In a) the
whole experimental test time is plotted whereas in b) a zoom around the crashing moment is
represented. The vertical blue dashed line, in the plots, indicates the crashing time.
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